Results: Of the 208 ISNCSCI worksheets, 24 were excluded. Of the remaining 184 worksheets, 47 (25.5%) were consistent with the 2014 computerised algorithm and 137 (74.5%) contained one or more errors. Errors were in motor (30.1%) or sensory (12.4%) levels, zone of partial preservation (24.0%), motor/sensory scoring (21.5%), ASIA Impairment Scale (AIS, 8.3%) and complete/incomplete classification (0.8%). Other difficulties included classification when anal contraction/sensation was omitted, incorrect neurological levels and violation of the 'motor follows sensory rule in non-testable myotomes' (7.4%). Panel errors comprised corrections that were incorrect or missed or incorrect changes to correct worksheets. Conclusion: Given inaccuracies in the manual ISNCSCI worksheets in this long-term clinical trial setting, continued training and a computerised algorithm are essential to ensure accurate scoring, scaling and classification of the ISNCSCI and confidence in clinical trials.
INTRODUCTION
Three multicentre randomised controlled trials, collectively termed Spinal Cord Injury and Physical Activity (SCIPA), investigated the potential for various modes of intensive physical therapies to improve recovery after spinal cord injury (SCI). 1,2 As for many SCI trials 3,4 SCIPA is using the American Spinal Injury Association (ASIA) International Standards for the Neurological Classification of Spinal Cord Injury (ISNCSCI) 5 for stratification of participants. 1,2, 6 In addition, as for other SCI trials, elements of the ISNCSCI were used as outcome measures. 1,2, 6 The ISNCSCI was first developed in 1982 to ensure precision in classification of SCI, as well as accurate communication between physicians and researchers, and has since undergone regular revision and improvement [7] [8] [9] [10] -in 2003 and 2011 with the most recent version being published in 2015, after the completion of this study. 5 The ISNCSCI involves two broad clinical skills, the first being the psychomotor skill of physical examination of a patient involving scoring of sensory and motor functions coupled with S4/5 dermatome and anorectal testing. A number of studies have examined both validity and reliability of neurological examinations and have highlighted the importance of examiner training. [11] [12] [13] [14] [15] [16] [17] The overall conclusion is that the ISNCSCI is an appropriate instrument for use by multiple examiners to discriminate, as well as evaluate, patients with SCI and to do so longitudinally. 13, 14, 16 Nevertheless, continuing investigation of the ISNCSCI has been recommended to examine, for example, how elements are related to minimal clinically important differences and functional measures such as activities of daily living as well as to standardise the correct classification of challenging cases. [18] [19] [20] In addition, the International Standards committee of the ASIA has agreed to review, and, if necessary, revise the Standards every 3 years. 7 The second skill, which is the focus of this study, is cognitive and involves classifying the injury using the examination data. The classification procedure involves establishing motor and sensory levels as well as a single neurological level of injury, total motor and sensory scores, an ASIA Impairment Scale (AIS) and severity of injury (complete/incomplete). In addition, for complete injuries, ISNCSCI involves establishing zones of partial preservation (ZPP). 7, 9 Earlier studies have revealed challenges in achieving correct classification, 12 whereas others have shown that training results in significant improvements in all components of the classification procedure. 11, [21] [22] [23] Notably, a recent European Multicentre Study on Human Spinal Cord Injury (EMSCI) showed that, regardless of trainee experience in SCI medicine, 2-day formal training sessions significantly improved classification skills. 23 The SCIPA trials variously have involved all 8 spinal units in Australia and New Zealand with patient recruitment spanning 2010-2014. Blinded assessors employed at participating sites were qualified physiotherapists and occupational therapists. All had extensive experience in working with SCI patients and experience in SCI rehabilitation. Undergraduate and postgraduate training on the ISNCSCI physical examination and assessment was variable. Some Australian blinded assessors attended undergraduate lectures and practical classes on the ISNCSCI, and then, as postgraduates, participated in specialist practicums under the direction of senior staff during 6-month rotations on spinal wards. The majority of blinded assessors at New Zealand sites had limited under-or postgraduate training, as medical practitioners typically conduct the ISNCSCI. Prior to the start of each trial, blinded assessors from both Australia and New Zealand received training on the ISNCSCI (see below). As part of quality control, we formed panels for each trial comprising experienced SCI clinicians (rehabilitation specialists and physiotherapists) as well as clinician and scientific researchers who were chief investigators and who were charged with checking blinded assessor manual ISNCSCI charts.
Given the challenges in ISNCSCI classification 11, 12, 21, 22 and the fact that, in other studies, errors occurred even after formal training, 23 we undertook a pilot study to assess the accuracy of a subset of ISNCSCI worksheets in one of the SCIPA trials. 24 Of the 20 worksheets examined, we identified inaccuracies in AIS classification, motor and sensory levels, and motor and sensory ZPP. 24 We therefore expanded the study to check the accuracy of the entire sample of 208 ISNCSCI worksheets generated manually in the three SCIPA trials. Previous studies have developed computerised algorithms [25] [26] [27] that have been validated 25, 27 particularly for use in difficult cases (e.g. instances where several dermatomes/myotomes are classed as non-testable). 27 We took advantage of the freely available online computerised Rick Hansen Institute algorithm (v1.0.3, 2014) (http://www.isncscialgorithm.com 28 ) that was only available at the conclusion of the three SCIPA trials and recently validated. 29 
METHODS

SCIPA trials
Protocols have been published for each trial. 1,2,6
Use of the ISNCSCI Prior to the start of each trial, a formal ISNCSCI training workshop was held at the Royal Talbot Rehabilitation Centre, Melbourne for staff from participating sites across Australia and New Zealand. Training involved a two-hour interactive seminar from a practising clinician routinely involved in ISNCSCI examination, classification and training followed by two hours of presenting example cases, testing and facilitated group discussions. For participants already experienced in the ISNCSCI assessment, the workshop provided an opportunity to refresh and update skills.
For each trial, full ISNCSCI assessments were performed at baseline prior to randomisation of participants to treatment group. A total of 208 ISNCSCI worksheets were completed manually, scanned, sent as soft copies to the SCIPA Programme Coordinator and then emailed to the respective panels involved in each trial. They were required to check the AIS grade because this was used to stratify participants in the SCIPA Full-On 1 and SCIPA Switch-On 2 trials and to describe the sample; for the Hands-On trial, stratification was by baseline ARAT score. 6 Consensus amongst panels was reached via email and communicated to the Programme Coordinator. Where necessary, ISNCSCI worksheets were corrected by pen and classifications entered into the SCIPA database.
Because the trials spanned 2010-2014 and a revision of the ISNCSCI was published partway through the trials, that is, in 2011, 9 we used the 2003 standards 30 for the two trials that had started before 2011 and the 2011 standards 2,6 for the third trial that started after 2011. 1 To check the accuracy of the manually completed ISNCSCI worksheets, an audit team was formed (AJA, DTH and CJP, 5th-year medical students supervised by SAD). Their role was to enter the data from each manually completed ISNCSCI worksheet into the Rick Hansen Institute algorithm 
Analysis
At the conclusion of the trials, hard copies of the ISNCSCI worksheets, whether corrected or not, were posted by the Programme Coordinator to the RPH site. The three members of the audit team used the Rick Hansen Institute ISNCSCI algorithm (v1.0.3) 28 to check the accuracy of ISNCSCI manual worksheets. Thus, each member of the audit team reviewed each of the 184 manual worksheets using the algorithm.
To take account of changes in the standards between 2003 and 2011, a separate audit team of physiotherapists trained in the ISNCSCI assessment (JMC, SN and MPG) checked the manual ISNCSCI worksheets again without the use of any computerised algorithm. The second audit team was directed to utilise the 2003 standards 30 for the 2 trials that started before 2011 2,6 and the 2011 standards 1 for the trial that started after 2011. The data were then cross-checked against those derived from the 2014 computerised algorithm (Figure 1 ).
Variables were coded into 5 broad categories as follows: motor and sensory levels, AIS, complete/incomplete status, ZPP (sensory & motor), and summed sensory and motor scores (Figure 2); these follow categories and their abbreviations as described previously. 7, 9 For all variables, a yes/no classification was assigned based on accuracy of the original examiner judgement. Where errors were made in motor and sensory levels and summed motor/sensory scores, the degree of inaccuracy was documented as, for example, left motor level two levels too high, right motor score five points too low and so on. In instances where the same error was made for both the left and right sides (that is, motor and sensory levels and ZPP), these were counted as one, and not two, errors. A total of 16 different subclasses of errors were identified and evaluated ( Figure 2 , Table 1 ).
Data were tabulated using Microsoft Excel with correctness marked with yes/no (y/n). Simple, descriptive statistics (counts, percentages) were applied to nonparametric data. Copies of all computerised ISNCSCI worksheets were submitted to the SCIPA Programme Coordinator and any errors corrected on the SCIPA database.
Statement of ethics
We certify that all applicable institutional and hospital regulations concerning the ethical use of human volunteers were followed during the SCIPA trials. 1,2, 6 For this audit, patient and examiner consent was obtained for training, but ethical approval was not required because training was for educational purposes and not data collection.
RESULTS
Identification of errors
Of the 208 ISNCSCI manual worksheets from the three SCIPA trials, 12 were excluded because of illegible handwriting and 12 were excluded because there were dermatomes/myotomes that were 'non-testable', and thus motor and sensory levels as well as motor and sensory scores were classified as 'unable to determine' (Figure 1) . The remaining 184 manual charts were reviewed by the audit team (Figure 1 ). Forty-seven manual worksheets had no identifiable errors as revealed by the ISNCSCI algorithm (25.5%) and the remaining 137 (74.5%) worksheets had one or more, giving a total of 242 errors.
Three sets of errors were identified, namely examiner errors that were correctly changed by the panels (118 errors; Table 1 , column A), examiner errors that persisted after panel review because they were either incorrectly changed, missed or not checked (124 errors; Table 1 , column B) and errors where the original examiner ISNCSCI worksheets were correct, but were incorrectly changed by the panels (30 errors; Table 1, column C).
As we are primarily interested in the overall error rate of examiner classification, we included the first 2 sets of errors (242 cases) but excluded incorrect changes to accurate worksheets made by the panels. For example, when considering classification of motor level across the three trials, a total of 73 errors were identified (Table 1 , column D, 55+18 = 73). Of these, 42 were corrected following panel review (Table 1 , column A, 40+2 = 42), 31 remained incorrect either because errors were incorrectly changed, not checked or missed (Table 1 , column B, 15+16 = 31) and 15 that were initially accurate but were incorrectly changed (Table 1 , column C, 11+4 = 15). The motor level subclass error therefore constituted 30.1% (Table 1 , column E, 22.7% +7.4% = 30.1%; Figure 3 ) of the total number of errors in the three trials ((55+18)/242). Because some ISNCSCI worksheets had more than one error (88/184; 47.8% data not shown), we also calculated the proportion of ISNCSCI worksheets with each subclass of error. For example, when considering classification of motor levels across the three trials, 39.7% of ISNCSCI worksheets had errors for this subclass (Table 1, (violations of the 'motor follows sensory' rule). We also noted that 49/103 (47.6%) of the errors in motor or sensory levels were ⩾ two levels (data not shown). There were 20/242 (0%+5.4%+2.9% = 8.3%) errors for the AIS grade, 2/242 (0.8%) instances of incorrect injury severity (complete/incomplete) and 58/242 (6.6%+12.4% +5.0% = 24%) errors for the ZPP.
Errors in motor and sensory scores totalled 52/242 (2.5%+7.4% +2.1%+9.5% = 21.5%) and arose either because they were incorrectly summed, not done or recorded in the wrong box. Three of these errors were identified by the panels ( Table 2 . In brief, there are 5 revisions of which only 2 are pertinent to the current study. These were C2/C1 classification, for which we found only 2 worksheets that were inaccurate, as well as when omitting deep anal pressure assessment is permissible, for which we found only 3 errors. Thus, the changes between the 2003 and 2011 standards had virtually no impact on the accuracy of the 2014 algorithm, which was supported by the findings of the second audit team. The remaining revisions were not pertinent to the current study and pertain to changing terminology from 'deep anal sensation' to 'deep anal pressure', the definition of ZPP and changes to the worksheet format. In addition, there were 5 other topics for which clarification was provided in the revision as follows: (1) the examination procedure itself; (2) clarification of the motor follows sensory rule, which did not change between the 2 standards but nevertheless remains a contentious issue; (3) what to document when a complete injury lacked a ZPP; (4) clarification regarding AIS classification; and (5) utilising non-key muscles in defining the ZPP in otherwise not-testable muscles.
When comparing the second audit to that generated using the 2014 algorithm, there was an overall consistency of 192/208 (91.3%) across the datasets (Figure 1 ). For the 16 manual charts for which discrepancies were found, 5 were due to errors made by the first audit team when tabulating and coding the data generated by the algorithm. The remaining 11 were made by second audit team and were due to missing errors that were identified by the algorithm.
DISCUSSION
The ISNCSCI instrument is widely used in clinical trials 3,4 and accurate interpretation of neurological assessment following SCI is crucial in quantifying possible therapeutic responses. 31 Here, we identify significant error rates in manual classification procedures by examiners (153) that were detected by panels. Strikingly, despite training provided prior to each trial and after panel review, 124 errors persisted and 30 new errors were introduced. Some, but not all, errors were detected by the panels, but a post hoc discussion revealed that not all panels were checking all aspects of the worksheets. The findings provide compelling evidence about the inherent challenges in ISNCSCI assessment and classification and for the fundamental importance of thorough and continued training and the use of the most current, freely available online computerised algorithms to ensure classification accuracy while conducting clinical trials.
Previous studies investigating the accuracy of classification procedures for the ISNCSCI have examined the effect of training in specific training settings rather than while undertaking large multicentre clinical trials. Three studies used relatively small numbers of trainees and SCI cases. In one study, two written cases from the 1994 reference manual were used and 15 house officers were tested two months apart. 22 The remaining two studies also predated the development of the computerised ISNCSCI algorithm, and we assume that they used written worksheets; one study involved two SCI cases and four experts 12 and the other two cases and 106 professionals. 11 All three studies showed significant improvements after training. A more recent study from the EMSCI reported the benefits of training 106 participants who classified five challenging SCI cases manually in a total of 10 formal training workshops. 23 In contrast to the above studies which when compared before and after training, another study took a different approach to determine Table 1 . reliability and repeatability of the ISNCSCI by training eight physicians and eight physical therapists who were then required to evaluate three patients for motor and sensory scores on the same day as the training day and one patient the following day. 16 The results showed overall high inter-rater reliability and better repeatability for complete compared to incomplete patients in this setting.
However, the above studies examined accuracy in specific training settings over short periods. Our study differs because, while we included training for all examiners in the trial protocols, 1,2,6 we did not include either pre-or post-training testing of the examiners, nor of the panels and, for practical and financial reasons, neither did we repeat the training during the course of the trials. Rather, once we detected errors in our pilot study, 24 we decided to use a computerised ISNCSCI algorithm to examine accuracy of manual classification procedures undertaken in a real-life situation of multicentre randomised controlled trials across 8 spinal units in 2 countries over a period of 5 years. To our knowledge, this is the first study of this nature, and our findings highlight the importance of continued training combined with using now freely available computerised ISNCSCI algorithms.
Our findings are supported by a 5-year EMSCI study. 23 Direct comparison is difficult because the EMSCI study examined the effect of training on participants' ability to correctly classify five cases during a 2-day workshop while we examined 184 cases in a real-time randomised control trial scenario over a period of 5 years. The EMSCI study also has two sets of data-i.e. pre-and post-training. Because our examiners received training, we compared our data to post-training data from the EMSCI study. 23 Comparison is also difficult because types of error have been attributed somewhat differently in the two studies. Nevertheless, in both the EMSCI study and ours (Figure 4 -for which we converted 'correct answers' into 'error'), the greatest number of errors was found in classifying motor The % values in column F do not add up to 100% because some ISNCSCI worksheets had more than one error (see also Figure 4 ). levels (EMSCI: 18.1% of worksheets; this study: 39.7%). The EMSCI study also concluded that clinically non-assessable myotomes were the most prominent source of difficulty in the ISNCSCI classification procedure. 23 Violation of the 'motor follows sensory' rule in the levels without testable motor function (C1-4, T2-L1) accounted for 69.7% of the EMSCI motor level errors. 23 In our study, we found that violation of this rule accounted for 25% of the motor level errors, emphasising the need to practice this rule in ISNCSCI training programmes. AIS and complete/incomplete classifications were less prone to error and similar in both studies (EMSCI: AIS: 11.9%; this study: 10.9%; complete/incomplete: EMSCI: 3.8%; this study: 1.1%). However, errors in sensory levels were over fivefold greater in our study (16.3%) compared to those in the EMSCI study (3.2%). 23 Our identification of high error rates in ZPP (31.5%) suggests that this aspect also requires attention, along with the protocol regarding the implications of calculating scores when there are dermatomes/ myotomes 'not-testable', and how to manage cases where voluntary anal contraction and deep anal pressure sensation are non-examinable.
We also identified miscalculation and summation errors in motor (13.1%) and sensory (15.2%) scores (Figure 4) . Some of these errors were associated with scores being summed incorrectly (9.8% motor and 12.5% sensory). This is important because other construct validity studies have identified that clinically significant improvement correlates with increases in motor scores of five points or more as well as changes in single neurological levels of two levels or more. 20 For some studies, errors of this degree in summed motor and sensory scores and single neurological levels could potentially affect results and therefore overall interpretation of study effects. However, use of blinded assessors prevents any impact on between-group comparisons because any error will not systematically bias the results. Of note, for the three SCIPA trials, only parts of the ISNCSCI were used as secondary outcome measures. These were change in upper-limb sensory scores for 'Hands-On', 6 change in motor score for 'FullOn' 1 and changes in motor and sensory scores for 'Switch-On'. 2 Overall, although EMSCI found slightly under one-half the percentage of errors in motor level (18.1%) compared to this study (39.7%), we found approximately two-thirds fewer (24.7%) violations of the motor follows sensory rule compared to EMSCI (69.7%). Similarly, although errors in sensory level were more than fivefold higher in this study (16.3%) compared to those in the EMSCI study (3.2%), errors in AIS and complete/incomplete classification were similarly low in both studies. The findings suggest that, although training in an EMSCI workshop setting reviewing five patients over two days results in fewer errors in, for example, motor and sensory levels compared to this study, errors still occur even over this short period. Errors in ISNCSCI classification therefore might not be unexpected over a considerably longer clinical trial period of 5 years. In addition, although continued training on ISNCSCI assessments has been recognised as important, 31 this was not included in our design. Of concern also are the errors made by the panels. However, post hoc discussion revealed that not all panel members checked all aspects of the worksheet; therefore, their error rate may not be a true reflection of their skills. To our knowledge, this is the first study that incorporated panel consensus in an attempt to ensure quality control. However, whereas panel consensus improved accuracy in 51.2% of cases, in the remainder errors were missed and sometimes introduced by erroneously changing initially correct charts, suggesting that while continued training should be promulgated, the ISNCSCI is inherently complex and challenging, even for senior practitioners with considerable experience working with this instrument.
Despite correction for updated consensus guidelines, 7,8 our audit identified multiple formative and systematic assessor errors in ISNCSCI-written worksheets, and it did so under protocolcontrolled conditions. The challenges are to introduce a standardised method to index-written worksheets to in silico classifications, as exemplified by the online Rick Hansen Institute ISNCSCI classification algorithm and also, to improve the sensitivity and specificity of the next generation of in silico systems to discriminate complex neurology. The introduction of a standardised method for the categorisation of 'complex' and 'non-complex' neurology within the INSNCSCI-written worksheet and its electronic derivatives, individually or interactively, may have an additional or complementary role. The ISNCSCI instrument is the best that we have, and any significant advance in its sensitivity or specificity to discriminate clinically significant improvements may pave the way for appropriate therapies.
Taken together, the findings point to the need for emphasis on continued blinded assessor training coupled with the development of computerised algorithms with capability for differential diagnosis to reduce assessor error and ensure accurate classification.
CONCLUSION
Given that 75% of ISNCSCI worksheets had one or more errors when completed manually while undertaking randomised controlled trials, both continued training and free online computational algorithms are key to improving accuracy and therefore confidence in trial outcomes. Although possibly impractical for real-time assessment, computational algorithms should be used to check manually completed worksheets. Although computer algorithms cannot replace clinical judgement, for example in complex cases where a brachial plexus injury may complicate scoring of an otherwise normal myotome, 19 they provide an effective means for both validating ISNCSCI examination classification in a consistent and standardised way thus ensuring confidence in outcome measures involving the ISNCSCI as well as educating future generations of healthcare professionals.
DATA ARCHIVING There were no data to deposit. Nil direction pertaining to the classification of C2 and higher neurological impairment in the pre-2011 standards.
Advised that if sensation is abnormal at C2, the neurological level should be designated as 'C1'.
4 patients with impairment at C1 sensory dermatome:
sensory NLI quoted as 'proximal to C2' (n = 2).
Correctly assessed as C1 (n = 2).
When omitting DAP assessment is permissible.
Pre-2011, DAP constitutes a mandatory aspect of the ISNCSCI assessment.
Clarifying that in patients who have light touch or pin prick sensation at S4-S5, examination for DAP is not required.
Three patients were flagged as incorrect for omitting the DAP assessment: the assessment was reviewed, and deemed the same both pre-and post-2011 ISNCSCI standards.
ZPP definition. Amount of ZPP sensory/motor sparing defined by the number of motor/sensory level differences between the most caudal preserved motor/sensory function with reference to the SNLI.
Defining the ZPP with reference to the corresponding NLI (to be consistent with InSTeP training).
Not relevant.
Worksheet format changes.
Nil comment. 2011 changes adjusted the worksheet for ease of use.
Not relevant. 
